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© A method for preparing a mononucJeotide-3'-phosphodiester-based substrate, 

® 



\M) A method for preparing a substrate capable of under* 
going catalytic-induced hydrolysis of the phosphate ester at 
the 3'-position to yield a species capable of being monitored 
spectrophotomejtricslry or fluorometrically, comprises 
(a) blocking a mononucieoside of the formula: 

HQ OH 

wherein B is a nucleotide base, and wherein the CH,OH 
group at the 4' -position is either as or trans to said base, with 
a silyl blocking member at both the 2*-and S'-hydroxyls of 
said mononucieoside to form a 2\ 5'-diblocked mon nuc- 
leoside: and 

(b» forming a 2\ S'-diblocked mon nucleotide 3*- 
ph sphodi sier by b nding said 2*-, S'-diblocked mon nuc- 
leoside with a m iety selected from the group consisting f a 
chr m ph re r fluor ph re: 

said silyl blocking member at the 2* -hydroxy! being 
capable of at least essentially blocking medium-induced 
hydr lysis of the ph sph diester at th T-position. and said 
silyl bl eking member at least at the 2*-hydroxyl betng 
capable of being removed t provide a substrate characte- 



rized by the ability to undergo catalytic-induced hydrolysis of 
the phosphate ester at the 3'-position to yield a species 
capable of being monitored specuophotometrically or 
fluorometrically. The silyl blocking member at least at the 
2 # -hydroxyl is removed so as to provide a substrate characte- 
rized by the ability to undergo catalytic induced hydrolysis f 
said phosphodiester to yield a species capable of being 
monitored spectrophotometrically or fluorometrically. 
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8AK2R INSTRUMENTS CORPORATION 
Bethlehem, ?A 13001 / USA 

A Method for Preparing a Mononucleotide-3 ' -phosphodiester- 
based Substrate 

sacscrocno or THZ invention 
1. field of the Inversion 

The present invention relates to chrcmogenic and/or 
fluorogenic mononucleotide 3 ' -chosphociester s , and, more par- 
ticularly, to a novel method for synthesizing such mononucleo- 
tide- phosphodiesters. These materials may be used, for 
example, in carrying out various non-isctcpic immunoassay s. 

2. Oescriotior. of the Prior Art 

For a variety of clinical purposes such as, for 
example, monitoring dosage schedules, monitoring hormone levels, 
checking for recent ingestion or following pharaacological 
dynamics of bioavailability, absorption, degradation or excre- 
tion, it is a great advantage to measure the concentration of 
various drugs or the like to the nanomolar or even piccmclar 
level. As is known, radioimmunoassay can accomplish analyses 
of this type. To carry out an analysis, an acceptable :<it cr 
system must include an antiserum, a standard of the compound 
(i.e., - analyse) to be measured, the radiolabeled derivative 
of the compound to be measured, a buffering agent or agents 
and, often, a displacing agent. The antiserun is produced by 
bleeding animals which have been immunized by innoculation, 
for example, with the hapten - protein conjugate (immunocen) 
corresponding to the compound to be measured. 

As is well known, in general, the technique of radio- 
immunoassay aeasures the competition between racioactiveiy 
labeled analyse and unlabeled analyse for binding sites on the 
antibody in the antiserum 3y addinc to the antiserum knovr. 
anounts of the analytes to be assayed and a radiolabeled analog, 
a dose - response curve for bound cr free analyte versus 
concentration of analyte is constructed. After this i.Tjaunecali- 
tratisn has been carried cut, unkncvn concentrations car. thar. 
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be cc.t.c a red "3 the szzr.dizd dose-response curve for assay. 
Crucial to this type of assay is the existence of radioactive 
analyses which compete effectively with non-radioactive ana- 
Ivtes. Accordingly, in order to obtain the maximum precision, 
accuracy, sensitivity, specificity and reproducibility of the 
assay, purified, well-characterised synthetic radioactive 
analytes are required. 

Several deficiencies in radioimmunoassay methodology 
have been identified. first of all, it is necessary to make a 
physical separation of the antibody bound radiolabeled, anaiyte 
# rca f r se radiolabeled analyte. Further, the methodology 

is considered rather labor intensive, and the equipment re- 
quired is likewise relatively expensive, is not uniformly 
available, and further requires the use of highly trained and 
skilled technicians to accurately carry out such assays. Like- 
wise, the radioisotopics! ly- labeled analytes are relatively 
unstable and expensive and pose an increasingly severe waste 
disposal problem cwing to radiation exposure hazards associated 
with the commonly used radioisotopic labels. Despite these shcri- 
ccnir.es, the use of radioimmunoassay has crown considerably. 

The substantial recent growth in the use of radio- 
immunoassay in clinical laboratories has, however, spurred the 
development of variants which overcome the deficiencies of the 
radioimmunoassay methodology as described herein. The approaches 
which have been developed to overcome these deficiencies pri- 
marily involve the use of encyne or flucrescent labels instead 
of radioisotopic labels, preferably coupled with conditions 
allowing for measuring a chemical distinction between bound 
and free fractions of labeled analyte which leads to the 
elimination of the requirement for physical separation. 
Immunoassays having the latter simplifying and advantageous 
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feature are referred to as homogeneous immunoassay s as opposed 
to heterogeneous immunoassays where physical separation is 
required . 

Thus, homogeneous immunoassay systems have been 
developed which are based on the use of an enzyme- labeled 
ar.il yt a where the enryraatic activity of the label is decreased 
when ccmpiexation with the antibody occurs. Unlabeled anaiyte 
whose concentration is to be determined displaces the enzyme- 
labeled anaiyte bound to the antibody, thus causing an increase 
in enzymatic activity. Standard displacement or dose-response 
curves are constructed where increased enzymatic aetivitv 
(monitored spectcphctcmetzical ly using what has been termed a 
"substrate" which ultimately produces a unique chroraochore as 
a consequence of enzyme action) is plotted against increased 
anaiyte concentration. These are then used for determining 
urJcncwn anaiyte concentrations. The following Onited States 
patents have been issued ia the field of homogeneous enzyme 
immunoassay: 2,317,337; 3,352,157; 3,375,011; 3,265,556; 
3,905,371; 4,065,354; 4,042,372; 4,040,907; 4,039,355; 
4,046,626; 4,067,774; 4,191,512; and 4,171,244. In these 
patents, the label for the anaiyte is described as an enzyme 
having a molecular weight substantial ly greater than 5,000. 
Also, commercialization of this technology has been United 
so far to applications where the analytes are relatively 
small in molecular sire at fluid concentrations of the anaiyte 
greater than L0 ~ X. 

As a consequence of the limitations cf the homo- 
geneous enzyme immunoassay technique described above, consider- 
able effort has been devotee towards developing nore sensitive 
homogeneous immunoassays using fluorescence. These have been 
primarily directed at assays for the larger sized molecules 
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such as immunoglobulins or polypeptide hormones such as 
insulin. The following Onited States patents have been 
issued for this type of assay: 3,998,943; 3,996,345; 
4.174,334; 4,151,515; 4,203,479 and 4,160,016. The label in 
most of these patents involves an aronatic fluorescent mole- 
cule, bound either to the anaiyte or to the antibody. All 
likewise involve various methods of quenching fluorescence 
through antibodies or other fluorescent quenchers so that the 
extent of quenching is related to the amount of analyze 
10 present in the sample. 

A ---ther -y? e c - methodology which may be described 
as a rsaczar.t- labeled fluorescent immunoassay involves the 
use of a fluorescent- labeled analyze designed so that a 
fluorescent product is released when it is enzymaticaiiy 
hydrclryed. Antibody to the anaiyte portion of the molecule, 
however, inhibits enzymatic hydrolysis. Consequently, by the 
lav cf mass action, fluorescence is enhanced in the presence 
of increased analyze due to enzymatic hydrolysis of the 
displaced, fluorescent labeled analyze. As an example, a 
20 labeled anaiyte is - galactosyl-umhel lif erone-siscmicin. 

The enryme ^ -calactcsidase cleaves the sugar from the 
umbel liferone moiety which can then fluoresce. Publications 
which describe this methcdclcgy include: J.F. Surd, H.C. 
Vfong, J.I. Feeney, R.J. Carrico and R.C. 3oguolaski, Clin. 
Chern^, 22, 1402(1977); Surd, Carrico, M.C. Fetter, et al . , 
*r.al . Biochem. . 77, 55 (1977) and ?. Kohen, Z. Hollander and 
Scguolasici, Jcur. of Steroid 3iochem. , 1 1 , 161 ( 1979). 

The co-pencing U.S. Farina et al. application , 
UMW 243,689, filec March 30, 1981, provides methodology for 
carding out non-isotcpic immunoassays which obviates the 
deficiencies of prior assavs 
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of this general type. In an illustrative embodiment, this 
methodology utilizes a labeled analyte-poiypept ide complex 
which expresses ribonuclease-type activity to catalytically 
convert a substrate to a chromogenic or fluorogenic reporter' 
molecule. 

Many organic compounds have been utilized heretofore 
for monitoring the catalytic activity of ribonuclease. Such 
organic compounds, or substrates, as they are ccm.-acr.ly referred 
to, include ribonucleic acid itself, cyclic phosphate diesters, 
and mcr.oribonucieotice compounds which exhibit the same cr 
similar structural constraints as those expressed by th<* natural 
substrate. 

Thus, for example, one method for monitoring the cat- 
alytic activity of ribonclease involves the use of a ribonucleic 
acid solution. That method involves monitoring a decrease in 
abscrbance at 30 0 nm of a ribonucleic acid solution as a func- 
tion of time, M. Xunitz , J. 3iol. Chem. , 164 , =63 (1946). 
Although that method is relatively simple to conduct, it has 
several deficiencies; specifically, the rate of decrease of 
absorption is not linear, calibration of each suhstate solution 
is required, a^id direct monitoring of abscrbance decreases at 
300 nm is impractical with clinical samples. 

Another method utilized for monitoring ribonuclease 
activity is an end -point variant of the procedure described 
above. In the end point variant procedure, yeast ribonucleic 
acid is incubated with the enzyme sample for a fixed period cf 
time. The remaining RNA is precipitated with perchloric acid 
or uranyl acetate/trifluoroacetic acid, and the absorbance of 
the supernatant is measured after centrifugation. S.3. Anfinsen, 
a. a. Redfielc, W.i. O.cate, A. Pace, and W.R. Carroll, 
Jcur. 3 i c I . Chem . , 207, 201 (1954). However, that method is 
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much too curlers one for homogeneous immunoassays of the type 
described in the co-pendinc carina et ai. application primarily* 
due to the precipitation step involved. 

Yet another variation of the above procedures has 
been reported by a.C. Kama, A.G. Smith, and H. Lyons, Anal vt . 
3icchen. , 37 , 333 (1370), the method described therein is 
based on the formation of a fluorescent reaction product re- 
sulting from the reaction of the dye ethidium bromide with 
intact yeast ribonucleic acid, but not with the hydrolysis 
products* In that method f a fluorescent signal, which is 
monitored, decreases with time. However, mcnitcring a fluore- 
scent signal which decreases with time is disadvantageous, as 
the method may result in a lack of sensitivity when only modest 
differences in enzyme concentration are encountered. In ad- 
dition, other disadvantages are that the rate of decrease of 
absorption is not linear, and calibration of each substrate 
solution is required. 

Another lawn substrate for monitoring ribonuclease 
activity is a mononucleotide substrate, cytidine 2*, j'-chcs- 
phate diester, £.M. Crock, A. P. Mathias, and 3. a. Rabin, 
Birch sr.. J. , 74 , 23 4 (1560). In that method, an increase cf 
abscrbance at 23 6 run, corresponding to the hydrolysis of the 
cyclic phosphate ring, is monitored over a two-hour period to 
measure the ribonuclease activity of the sample. This method, 

however, cannot be used in homogeneous immunoassay methods of 

above-mentioned 

the type described in the/ Farina et al . copending application 
because there are analyte sample interferences which occur at 
23 6 nm. furthermore, the distinction be ween the substrate 
and product absorbance spectra is small, with the ratio cf 
extinction coefficients being cnly 1.495 at 286 nm. 
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Further, certain mononucleotide- 3 1 -phosphcdiesters, 
including, l-naphthyl esters of 3'-uridylic, 3*-inosonic and 
3' -adenylic acids have been utilized as ribonuclease substrates. 
These napthyl esters have been used to differentiate substrate 
specificities of ribonucleases frcra various sources. H. 
Sierakcvska, M. Zan-Kowalczewska, and D. Shugar, Siochen. 
3ioohvs. ?.es. Comm. , 19 , 133 (1965); M. Zan-Kowalczewska , A. 
Sierakowska, and 0. Shugar, Acta, 3iochern. ?olcn. , 13 , 237 
(1966); H. Sierakowska and 0. Shugar, Acta. aiochen. ?olon. , 
1£, 143 (1971); H. Sierakowska, H. Sze-npli.tska, D. Shugar, 
Sicchen. 3icohvs. ?.es. Comm. 70 <19€3). As a result of 

ribonuclease-induced hydrolysis, the use of such substances 
results in the liberation cf 1-naphthcl which is allowed to 
react with a diazcr.iura salt to for^ an azo compound having 
strong risible abscrrar.ee. This, approach requires that the 
assay kit include a separately packaged dye fcrnier (viz. - a 
diazeniun salt). Also, this substrate cannot be employed in a 
flucrcmetric mode. 

Various syntheses have been developed heretofore 
for the preparation of mononucleotide- 2 • -ohesphodiesters. 
One such method for the preparation cf uricine-3 ' -( 1- 
naphthyl) phosphate is that disclosed in R. Kole and H. 
Sierakowska, Acta Siochia. ?olon , 18 , 187 (1971). Zz accord- 
ance : with the inethed shown therein, uridine is acstylated at 
the 3 ' -hydroxy 1 position: 




CM j OCHj 

Next the 2'- and S'-hydrsxyl groups of 3 ' -C-acetyi 
uridine are blocked with dihydrcpyrar.; and sequential ly , the 
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3'-0-acetyl undergoes hydrolysis so that 2', S'-bis-O- 
( tetrahydropyrany 1) uridine is formed: 



,.0... 0^.0 



OAc OH 



OH 




Condensation of 2 * , 5 • -bis-0-{ tetrahydrcpyr any 1 ) 
uridine with naphthyl phosphaze/dicyclohexylcarbodiimide or 
10 naphthyl phcsphcry Idichioride then results in i-naphthyl 

phosphorylation of the 3 1 -hydroxy! to fora the blocked fom 
of the substrate 2 ' , 5 * -di-0-{ tetrahydropyr anyl ) uridine-3' 
->( 1-naphthyl) phosphate : 



o 



0-OU 'o 




The tetrahydropyrany 1 blocking croups are acid 
labile and "ay be rertoved without competitive phosphate 
hydrolysis to fora the suhstrate, uricine-3 1 -( 1-r.aphthyl ) 
phcsohate: 




10 
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A variation of the synthesis described in Sieraxovska 
and Shugar discussed above, is the method described in Rubsajten. 
Khandler and Witzel (Hcppe-Seyier ' s ) Z.Phvsiol .Chen 355, 
637 (1974 ). There, 2\ S ' -his-0-{ tetrahydrcpyranyl )-2 9 -uridine 
phosphate is prepared by the reaction of dihydropyran with 
• uridine-3* -phosphate. Dephosphorylation of the 2\ S'-bis-O- 
(tetrahydrcpyranyl) -2 '-uridine phosphate with, for example, 
phosphatase or lead (II) hydroxide, forrss 2' , 5 ' -di-0-( tetra- 
hydropyranyl) uridine. The 3 '-hydroxy! of that cc-npound .nay 
then be phcsphory lated in the fashion disclosed in Sierakcwska 
and Shucar to fora the desired =ononucleotide-3 ' -ohosphociester, 
such as, fcr example, uridine-3 ' -{1-naahthylJ phosphate. 

The synthesis schemes described by Sierakcwska et 
al., and Rubsanen et al., suffer, however, frca several raajcr 
deficiencies. For example, in each synthesis method, the 
preparation of the key intermediate, 2', 5 ' -bis-0-< tetrahy- 
dropyranyl) uridine, involves an undesirable, lengthy chrcao- 
tacraphy. Further, the resulting product is a srixtura of 
diasteremeric pairs in low yields; and this explicates 
subsequent synthetic steps. Finally, the overall synthesis 
is labor-intensive. 

Closely similar schemes to those of Sierakowska 
et al. and Ruhsanen et al. are disclosed in Polish Patent 
Sc. 81S69. In one synthesis described therein, uridine 2* , 
S'-di-O-tetrah^rcpyrano-j'-fl-naphthyl) phosphate is forr.ee in 
dicycichexylcarbodii^ide and pyridine by the reaction of a 
salt of i-naphrhylphcspheric acid, (e.g., the pyridine, 
aniline, 1 uridine or tri-r.-buytl amine salt of the acid) with 
2 ' > 5 1 -di-0-{ tetrahycropyrany 1 ) uridine. In another synthesis 
30 described therein, uridine 2 ' -O-te trahydrcpyranyl -5 '-O-cethyl- 

3 * -( 1-r.aphthy 1) phosphate is fcrr.ee in pyridine by the reaction 



20 



0061 761 

-10- 
oc a salt of I-na?hthyl?hosphoric acid and S • -O-nethyl -2« -o- 
<t«*rahydro?vranyl)uridine. These schemes likewise' suffer 
from she deficiencies of the Sierakowska et al . and Aubsamen 
et al. methods. 

In addition, methods are known for preparing oligori- 
bonucleotides which incorporate the synthesis of 2', S'-diblocked 
nucleotides as intermediates. Thus, in J. Sort and ?. Sorm, 
Collection Csschoslcv. Pen. Cc^rmn. 27, 73 (1SS2), uricylic 
acid is cc.-.verted into S • -0-acetyl uridine 2', 3'-cyciic 
phosphate which, after enzymatic cleavage of the cyclic phos- 
phate by pancreatic ribonuclease, results in 5 '-0-acstyl uri- 
dine 3 '-phosphate, which is then transformed into 2'-0-tetra- 
hydrcpyr any 1 -5 '-0-acer/l uridine 3' -phosphate by the reaction 
with dihydrcpyran. 

In this method, acetylaticn at the S'-hycrsxyl of 
the cyclic phosphate is utilized as a synthetic csnvenience 
for preparing i.-.te=eciates La. the synthesis of olicoribon- 
ucleotices. Deblocking of the S '-acetyl is ultimately carried 
out in the formation of the desired oligoribor.uclectide. 
This, however, does not describe a suitable method for syn- 
thesizing a chraacge-ic and/or fluorcgenic mononuclaotise-3 • - 
phosphodiester . 

Further, in K.X. Ogilvie, S.I. 3eaucage, A.L. 
Schiiman, N.Y. Theriault and K.L. Sadana, Can. J. Chen. . 56. 2753 
(1S78), 2', S'-di-t-butyldiraethylsilyl blocked uridine and 
adenosine nucleosides are prepared by the reaction of t-butyl- 
diaethyisilyl chloride in pyridine or imidazole with a uridine 
or adenosine nucleoside. The resulting silylated nucleosides 
are then coupled to one another by phosphorylation to form 
oligonucleotides . 

Moreover, insofar as is known, the Sort ec al . and 
Ogilivie et al . methods have not heretofore been utilised in 
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preparing such chranogenic and/or fluorogenic mononucleotide 
3 ' -phosphodiesters, despite the deficiencies of prior methods. 

Thus, despite the considerable number of methods 
that have been developed and utilized for synthesizing various 
substrates suitable for use for monitoring enzymatic or 
catalytic activity, there refrains the need for further devel- 
opment which can overcome the various shortcomings of the 
presently known synthetic methods. None of the synthesis 
schemes described heretofore are currently being used commer- 
cially for the manufacture of racnonucleotide-3 1 -phosphodiesters 
insofar as is known. 

It is, accordingly, an object of the present inven- 
tion to provide a novel method for synthesizing mononucleotide- 

2 ' -phosphodiesters having a chrcraogenic and/or fluorogenic 

in th e furanoside rinc / 
functional group at the 2 ' phosphate moiety /in a more c^zecz 

manner involving fewer synthetic steps than required in prior 

methods. 

Another object of this invention is to provide a 

novel method for synthesizing chrcmocen-ic anc/cr fluorogenic 

/for use^ in monitor inc catalytic or enzymatic activity/ 
mononucleotide 2 1 -phosphodiestsr^ wni.cn is less iaooz intan- 

sive than previous syntheses heretofore known. 

Yet another object of this invention is to provide 
a novel synthesis of chronogenic and/cr fluorogenic mononucleo- 
tide 3 1 -phosphodiesters which results in improved overall 
yields of d^sLz^d substrate. 

Still another object is to provide a novel synthesis 
of chronogenic anc/cr fluorogenic mononucleotide- 3 1 -phosphodi- 
esters, which may be carried out on a muitigram scale suffic- 
ient for commercial use. 

A further object of the present invention is to 
provide a product capable of being stored fcr extended periods 
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or time and then, when needed, may be converted to an active 
form for use. 

These and other objects and advantages of the 
sent invention will become apparent from the following detailed 
description. 

While the invention is susceptible to various modi- 
fications and alternative forms, there will herein he described 
in detail the preferred embodiments. It is to be understood, 
however, that it is not intended to limit the invention to 
the specific forms disclosed. On the contrary, it is intended 
to cover all modifications and alternative ferns falling 
within the spirit and scape of the invention as expressed in 
the * ? zer.c*d claias. For example, while the present invention 
will be primarily described in conjunction with the formation 
of a uridir.e-2' -phosphodiester, it should be .appreciated that 
bases ether than uracil may be employed, as will be described 
herein. 

szy.y.:-?? or t:-:~ isvryTics 
In general, the present invention is predicated on 
the discovery that mononucleotide- 3' -ohesphodi ester substrates 
having a chrsaceenic and/or fluorogenic functional grous at 
the 3' -phosphate moiety may be readily synthesized in as few 
as three steps by simultaneously blocking the 2'-, S'-hydraxyls 
of a aononucleosiae with a selected ceases blocking croup and 
thereafter converting the diblockec species to incorporate 
the desired chrcmocenic and/or fluorogenic noiacy at the 3'- 
pesition. The resulting product is provided in a form capable 

being stored for extended periods of time without adverse 
affects and may then be converted to a useful farm by removing 
the blocking group at least at the 2' -position. The necessary 
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synthetic steps may be accomplished in a variety of schemes, 
providing sufficient versatility to allow a synthesis tailored 
to the desired diester substrate* 

The resulting chrcmogenic and/or fluorogenic mono- 
nucleotide-^ ' -phosphodiester substrates may be utilized for 
monitoring the catalytic activity of a variety of enzymes, 
such as, for example, ribonuclease A, 1^, and the like; and/ 
or polypeptide pairs having the catalytic activity of such 
enzymes. The chromogenic ar.d/or fluorogenic mononucleotide 
10 substrates formed by the method of this invention are useful 

in the immunoassay methodology disclosed in the previously 
identified copending Farina et al . application. 

* DETAILED DESCRIPTION 0? THE 
??.E?E3. ?.E D EM EC D ZyZ M7S 

In accordance with one embodiment of the present 

invention, suitable starting materials comprise mcnonculec- 

sices having the following structural formula: 

HO OH 

In this structure, there appear to be certain 
steric constraints which must be met in order to ultimately 
provide a substrate suitable for monitoring the catalytic 
activity of, for example, ribonuclease A-induced hydrolysis. 
Thus, the trans , cis orientation of the base 3 and substit- 
uents at positions 1'- and 2'-, 3'-, respectively, appear to 
have rigid structural constraints to provide a suitable 
30 substrate. However, the substituents at the 4* -position, 

that is, CK-CK, may apparently have a configuration where the 
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CH 2 OK group is cis to both the 2'- and 3'- functional groups, 
without affecting the desirable attributes of the substrate. 
A, Hoiy and ?. Sorn, 3iccheaica. 3ioohvsica. Acta. , 161 , 26 
(1263). Accordingly, while the method, of the present inven- 
tion will be described in conjunction with the preparation of 
a substrate wherein the 4»-CH 2 CH substituent is trans to the 
2 1 -, 3 , -suhstituents, it should be appreciated that the 
method is likewise equally applicable to the preparation of a 
substrate wherein the 4 ' -CH 2 CH substituent is cis to the 2*-, 

13 3 • -substituents. 

?rea the functional standpoint, the selection of 
the base should take into account the following factors, in 
addition to, of course, its effect on product stabilitv: (ij 
any modulation (increase or decrease) of catalytic activitv, 
(2) the difficulty of synthesis, (3) the effect on endogenous 
enzymatic activity and (4) the solubility in aqueous or other 
aediuas of interest should net be adversely affected to anv 
significant extant. Other factors to consider include possi- 
ble effects on hydrolysis and non-specific medium induced 

20 hydrolysis. 

A wide variety of pyririidine analogs are useful 
bases, including uracil, dihydrouracil , cytssine, cihycrocy- 
tosine and haiocenated uracils. Additionally, based on data 
extrapolated from results on the ribonuclease-induced hydrol- 
ysis of both the natural substrate, RNA, as well as various 
synthetic substrates, such as, for exartple, nucleotide hcrao- 
polymers, ?.M. Richards and W.w. Wykoff in The rnzvr.es , (P.O. 
3oyer, 2d.), Academic Press, 3d Edition, Volume 4, paces 
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647-306 , London and New 'fork ( 1973), the following pyrijsidine 
analogs should be suitable bases: 

i 1 I 1 . 

10 

While the use of purine analogs as bases, such 
as, for exajnple, adenosine and cuanosine, will not provide 
active substrates for monitoring the catalytic activity of 
ribcr.uclease A, these bases should prove useful when rihor.u- 
clease activity is involved. Further, any other pyrisid- 
ine, purine or the like analogs may be used consistent vith 
the functional considerations sec forth herein. 
20 In carrying out the first step of the method, the 

raoncnucleoside is reacted with a silylatinc reagent to fcm a 
2'-, 5 ' -disilyiblocked aoncnucleoside of the general formula: 




HO OR 



20 



Suitable blocking croups ?. should meet the follow- 
ing criteria: (1) readily introduced without affecting the 



- 16 - 0061 751 

other key functional i t ies, (2) compatible with the subsequent 
phosphcdiester fprrration see?, and rore particularly, should 
minimise or eliminate undesired side reactions in such step, 
(3) sufficiently stable to allow 1 ng-term storage without 
any adverse deleterious affects and (4) easily removed without 
disruption of the phosphodiester bond. These criteria are 
satisfied by various silyl derivatives including triisoprcpyl - 
silyl , tert -butylte tram thy lenes ilyl and tert-butyi dimethyl 
siivl. The t a r t -a u ty 1 dime thy 1 silyl moiety is preferred. 
10 In carrying out the silyiation step, the resulting 

products comprise, in addition to the d^sir^d 2'-, 5'-dihlodced 
species, a series of isomers including the 3 1 -, 3'-; 2* 
3 • 5 ' -and 2'-, 3* -cihiockec specie. The principal isomers 
provided will typically be the desired 2 1 5 1 -dihlccxed 
species and the 3'-, 5 ' -diblccfced product. The product tix- 
ture obtained will depend upon the particular process para- 
meters employed, and selectivity to the desired species may 
be enhanced by appropriate selection of such process para- 
meters. Secardless, the separation of the various isomers to 
20 orovide the desired dihlocxed species is relatively simple 

(e.g. - carried out by straightf cr-ard Jcncwn chromatographic 
methods) and is not unduly complicated even where selectivity 
is considerably less than optimum, as might occur when the 
reaction time is relatively short. 

As one illustrative example, the silyiation step 
may be carried out by using a relative molar ratio of uridine 
to silyiation reagent of about 1 : 3 to about 1:4 in pyridine, 
which serves both as a solvent and as a base for catalyzing 
the reaction. The reaction proceeds satisfactorily at anient 
30 temperatures and will provide high selectivity and conversion 
for the desired species after a reaction time cf 60 hours or 
so. 
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ticular process parage ^ers ca^R varied 
within wide limits, as may be desired. A variety of solvents 
are useful , including dine thylf omanide, dinethylsuif oxide, 
tetrahydrofuran, dioxane and the like. Other useful catalysts 
include imidazole, 2, 6-lutidine, triethylanine or the like. 
Useful temperatures range frcra about 10*C. to about SO'C. with 
reaction tiaes ranging from no more than 20 minutes or so to 
as much as 10 0 hours or so. 

The second step of the procedure in accordance with 
the present invention involves the fo ration of 2'-, 5 f -diblocked 
chrcraogenic and/or fluorocenic uridine* 2 * -chosphodiester by 
the reaction cf the 2'-,. 5 9 -dihlocked xor.onuc leos ide with a 
suitable derivative fsra of the chromophcre and/or fluorcphore, 
as depicted below: 




The raonor.uclectide-3 ' -phcsphociesters so fcraed may be read- 
ily handled and chrcrnatcgraphed due to their enhanced solu- 
bility in organic sclvents, if desired. 

Functionally, a« can be defined as any functional 
group which will provide the substrata with fluorocenic 
and/or chromocenic properties. The 5' group nay be an aryl , 
araalkyl, heteroar/1 or heterocyclic compound. In the pre- 
ferred eModinent, R' is umbel liferonyl , 4-nethylunbei li- 
feronyl and 2-flavcnyl. Other suitable cro=s include 
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aryls such as, for example, 1-napthyl . further, other R 
groups which are suitable are aryl croups which incorporate 
electron withdrawing and conjugating substituents which in- 
crease the acidity of ortho and para benzoic acids. Such 
groups include, ortho, raeta and para nitrcpherr/1, dinitro- 
phenyl, cyancphenyl, acylphenyl, carboxyphenyl , phenyisul- 
fonate, pheny isulf ony 1 and pherr/lsuif oxide. In general, mix- 
tures of to no and bi-substituted derivatives nay likewise be 
suitable. 



:rr.ation of the desired phosphcdiest-r should 



be conducted, of course, in a fashion adequate to insure that 
no cr only a rtiniaun disruption of the key functionalities 
occurs. Desirably, the for»tion should likewise allow use 
of relatively slid reaction conditions to provide a product 
cacahle of being readily isolated in high yields, these 
general objectives say be suitably accomplished by, in general, 
either reacting the uridine directly with a phcsphory latec 
derivative of the desiz^c, chrorncphcre and/cr flucrcphcre or 
bv first converting uridine to a 3 ' -phcsphory lated derivative 
and then reaction with an alcoholic derivative cf the chrorac- 
phcre and/or fluorophcre. 

The first approach can be carried out by two synthe- 
tic schemes. One scheme involves reaction of the phosphate 
derivative of the chrcraophore/ fl uorophore with the 2 1 -, 
S'-dihlocked mcr.or.ucleoside in the presence of a suitable 
condensation agent. Importantly, the reagent selected should 
provide a high yield of estar product at mild reaction condi- 
tions. Tcluenesulf oryl chloride, raesitylenesulf ony 1 imidaso- 
lide, p-toluenesulfonyi iraidasclide, 2, <, 6-triisoprcpy Ihen- 
zanesulfcnyl chloride, nesitylen sulfcnyl chloride, picryl- 
sulfcnyl chloride, S, t;* -dicycichaxylcarboci itide, l-(2-di- 
r»ethyl»ino?ro?yl)-2-ethylcarbodiijnide hydrochloride, and 
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other carbodiijnide analogs with or without additives such as, 
U-hydroxy-succinimice, and M-hydraxyphthaliaide are illustra- 
tive examples. The use of 2, 4, 6-triisopropylbenzenesulf ony 1 
chloride and N, N 1 -dicyclohexylcarbodi i.T.ide have been found 
to be satisfactory. 

The relative ratio of 2*-, S'-dihlocked mononuciao- 
side to the phosphorylated chrcrtogenic and/or fluorocenic 
derivative shculd be in the molar range of at least 1 to 1, 
desirably employing an excess of such derivative. A ratio of 
1:2 has been found satisfactory for the aaount of the nucieo- 
sice to that of the condensation agent, but excesses up to 
perhaps 1:5 or so may likewise be perhaps useful. 

The reaction aay be carried out in an aprotic polar 
solvent such as M, N-ciaethylf cssasice, dicxane or tetrahydro- 
furan and the like, in the presence of a base such as pyridine, 
triethylaaine and the like. . Suitably, dry pyridine base as a 
solvent say be used at a tenperature in the range of frca 
about -2Q*C. to about 25 # C. with a reaction tiae of 5 to 13 
hours. A reaction temperature range of frca about -20*C. to 
about 50*C. and a tine period of about 2 to 7 2 hours shculd 
likewise be satisfactory. 

The second synthetic scheme involves starting with 
a chrccocenic and/or fluorocenic alcohol. The alcohol nay 
: first be phosphorylated ir\ situ to fort a reactive interme- 
diate which is then reacted with, the 2'-, 3 ' -disily lated 
blocked acncnucieosice to fern the phesphediester. The 
phosphorylation reaction cay be carried out by employing any 
of the nunerous phosphorylation reagents known in the art, 
such as, for example, phosphorous cxychlorice, 2, 2, 2-tri- 
chlcroethyl phosphcrcdichloridite, cr the like. The phosphor- 
ylation is carried out, typically utilising an excess of the 
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phosphorylation reagent, in an aprotic solvent such as N, N- 
dimethylformamide, dioxane, te trahydro furan or the like, in 
the presence of a base, such as, pyridine or triethyl amine. 
Pyridine may be used as the solvent and base. The excess 
phcsphcry la ting reagent may then be removed from the reactive 
intermediate before further reaction to fora the 2', 5 1 - 
disilyihlocked mononucleoside phosphodiester. 

Suitable reaction conditions include employing dry 
pyridine base at a temperature in the range of from about 
-10*C. to about 3Q*C. and a reaction time of about 1 to abouC 
2 hcurs. A temperature range of about -7S*C. to abour 30 - C. 
and reaction times of from about 5 minutes to about 5 hours 
should likewise be suitable. 

In a .first alternative, but related aspect of the 
invention, the 2*, 5 f -disilylated blocked mononucleoside may 
be phosphcry lated to fora a diblocked mcncnucleotide interme- 
diate, which may then be reacted with a chrcmccer.ic and /cr 
flucrcgenic alcohol to form the 2' , 5 1 -disilylated blocked 
moncnuciectide phosphodiester. 

In the second approach, the 2', S'-ciblocked nucleo- 
side derivative is first phosphcry lated to form a reactive 
intermediate which is then reacted with the chraacphore 
and/or flucrcphcre alcohol. The phosphorylation and subse- 
quent ester forming reactions may suitably be carried out as 
previously described in conjunction with the first approach. 
The phosphor/ la ted nucleoside derivative can be either the 
acid chloride or the acid itself. In the latter instance, a 
condensation reagent should be employed, as has been previously 
described in conjunction with the first approach. 

In accordance with yet another embodiment of the 
present invention, a 2', 5 1 -dis ilylblocked mononucleotide is 
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first prepared by the reaction of a 3 ' -mononucleotide and a 
silylating reagent, as shown schematically below: 



HO 




0 OH 

I 

0=P— OH 

I 

• OH 



:x3 

0 OR 

I 

I 

CH 



wherein R is a silyl blocking group, and 3 is a base, as 
previously defined herein, the 2', 5 • -disilylblocked 
uridine soncphosphate may then be condensed with the chrcno- 
cenic and/or fluorogenic alcohol to fors the 2', 5 r -disilyl- 
blccked mononucleotide 2 1 -phcsphodiestar. The silyation 'and 
condensation reactions may be carried out utilizing the 
process parameters previously discussed in the first approach. 

The 2'/ 5 1 -disilylblockec substrate is a stable 
con pound which aay be stored for extended periods cf tine. 
However, deblocking is necessary to provide a suitable sub- 
strate for. use in monitoring the enrywatic or catalytic 
activity in applications such as non-isotopic immunoassays. 

Deblocking of the substrate aay be readily carried 
out with the use of several different reagents without sig- 
nificant deleterious hycrclytic cleavage of the deblocked 
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The reagents should, of course, be mild enough so 
that the ph sphate diester bond is not cleaved during the 
deblocking step. Also, and importantly, the reagent should 
be capable of being readily separated from the phcsphodiester 
substrate and should not inhibit cr other-rise interfere with 
the subsequent intended application. Suitable reagents 
include acids, ammonium halide salts, inorganic halids salts 
and the like. Generally, t a t r a bu t y 1 ammo n i urn fluoride, trityl- 
flucrobcrate, lithium tetrafluorcbcrate, hydrogen fluoride, 

10 acetic acid, and hydrochloric acid may be used, Tatrabutyl- 
ammcnium flucride has been found suitable. 

The deblocking reaction is generally carried out in 
a protic or aprotic polar solvent such as tetrahydrofuran, 
acstsnitrile, dicxane, pyridine or water using an excess of 
the deblocking reagent.* As an example, a 1.M solution of 
tstrabutyl ammonium fluoride in tetrahycrofuran may be employed 
at a temperature of about 15*C. to about 3Q*C. for a period of 
from about 20 minutes to about SO minutes. The temperature 
range may suitably extend from about 0*C. to about 50 # C. with 

20 reaction times of as little as abcut 10 minutes up to perhaps 
120 minutes or so. 

The following Examples are merely illustrative of 
the present invention and are not intended as a limitation on 
the scope thereof. 

SXAMPLI r 

This rxarapie illustrates the preparation of V , 
5 ' -bis-^t-butyldimethylsilyluricine. 

In the preparation of 2 ' , 5 * -bis-t-buty Idimethyl sii - 
yl-uridine, 11.39 g, 0.0466 mole, of uridine was dissolved in 
30 20 ml of pyridine by stirring at rocm temperazure for about 
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5 min. Then 21.09 g, 0.140 mole, t-buty 1 dimethyl silyl 
chloride was added to the pyridine solution and the mixture 
was stirred at rocm temperature for about 6 2 hours in a flash 
fitted with a drying tube. The reaction mixture was diluted 
with 150 ml ether and then filtered to remove pyridine- HC1. 
The e cher -pyridine filtrate was concentrated on a rotary 
evaporator and then in high vacuum using a liquid nitrogen 
trap. 

Thin layer chromatography of an aliquot of the 
reaction product fixture on silica gel plate, with a solvent 
of, by volume, two parts ether and one part hexane shewed 
three components, respectively, at 0.65, 0.5 and 0.3. 

The remainder of the oily reaction product mixture 
was chrcmatccraphec on a 4.2 x 44 cm silica gel column compris- 
ing Silica eel 60 (IM Reagent, Lot So. 7952179) , of particle 
sirs 0.063 - 0.2 mm and 70 -.230 mesh (ASTM) with a solvent 
of, by volume, two parts hexane and one part ethyl acetate, 
to separate the three components of the reaction product 
mixture. The fractions having R r of 0.5, identified by thin 
layer chromatography at the conditions given above, were 
combined. Additionally, fractions containing the ?.*.0.3 and 
0.65 components were rechrcmatcgraphed to isolate additional 
R, 0.5 product. The R, 0.5 fractions were combined to give a 
yield of 3.561 g, that is 40.5%- The melting point C2:-123 # C.) 
and n.a.r. spectrum (CSCl^) of the product confirmed the 
product as 2', 5 1 - bis - t-butylmethy lsilylur idine . 

SXAMP15 II 

This Example illustrates the preparation of 2* , 
5 1 -bis- t-hutyl dime thy Isilyl -3* -uridine l-na?hthyl phosphate. 

The disodium salt of l-na?hthyl phosphate, 1.314 c, 
6.77 mmoles, was converted into the pyridir.ium salt using a 
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Bio-Rad AG* SO W-XB cation exchange column. The resulting 
pyridiniua salt solution was concentrated at room temperature 
in vacuus. 

A solution of 3.197 g, 6.77 ironies of 2', S'-bis- 
t-butyldi.-aethylsilyluricine, prepared in Sxaaple I, in 50 al 
of dry pyridine was added to a solution of the concentrated 
py-idiniua salt in SO ml dry pyridine. The mixture was dried 
twice by stripping pyridine off, using 50 ml of dry pyridine 
for each drying operation. The resulting glassy residue was 
redissolved in 10 al of dry pyridine and 2.S c of 2, 4, 
fi-triiso?ro?ylber.senesulfonyl chloride was added to the 
solution. The reaction mixture was stirred in the darit at 
roca temperature for 20 hours and then concentrated to dry- 
ness _in vacuo at roan tsreperature. 

Thin layer chromatography of a portion of the crude 
product on silica gel using a solvent systea comprised of 
hexane, .tethancl , methylene chloride and trie thy lasir.e in the 
ratio, by voluae, of 5:2:2:0. 5, showed one major spot at 
0.5 and minor spots at the origin, 5t £ 0.31 and R c 0.75. 
Oncer these conditions, the starting mat-rial had an of 
0.75, and the diester had* an K M cf 0.5. 

the crude mixture was then chror.atcgr ashed on a 23 
x 2.5 ca Silica Gel G column to separate the ccnponen.s. The 
column was eluted sequentially with 100 ml of chlorcfors, 
100 ml of 5% methanol in chlorcfcrs, and 30% methanol in 
chlorofcra until the eiuant shewed product. Sluant fractions 
of twenty ml each were collected. Tractions 10 to 13 were 
identified by thin layer chromatography at the conditions 
given above, as containing the phesphodiester product {R, 
0.5). These fractions were combined and concentrated to give 
4.721 g of tan colored product. The melting point, 2 3-36'C. , 
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and infrared spectrum (in X3r ) and n.ra.r. spectrum (CDC 1^ ) of 
the produce confirmed the product: as 2' , S ' -bis- t-butyldi- * 
methylsilyl-3' -uridine 1-naphthyl ph sphate. 

EXAMPLE III 

This Example illustrates the preparation of 3* -uri- 
dine- ( 1-naph thy 1 ) phosphate. 

The 2 % , 5 , -b^-t-butyldimethylsilyl-3 , -uridine- 
(Imaphthyl) phosphate prepared in Example II, 75 rac, was 
treated with 3.2 ml of 1 M solution of tetrahutylammonium 
fluoride in tetrahycrcfuran. The mixture was stirred at room 
temperature for 4 0 minutes, and then the solvent was removed 
by evaporation in vacuo to leave the crude product residue. 
The residue was dissolved in 2 ml of water, and extracted 3 
times with 5 ml portions each of ether to remove unwanted 
byproducts. The aqueous solution was blown by a stream cf 
nitrogen to remove any residual ether to thus obtain 3'-uri- 
dine-( i-naphthyl) phosphate solution, essentially free of 
byproducts. 

The 3 • -uridine 1-naphthyl phosphate solution was 
buffered with 0.1 M sodiua acetate buffer of about pH 5 and 
used in the thyroxine assays set forth in Examples XVII, 
XVTII and XXIX in the previously identified copending Farina 
et al . application. 

EXAMPLE IV 

This Example illustrates the preparation of 2', 
5 1 - bis - tert -bu ty 1 dime thy lsilyl-3* -uridine ( 4 - me thy 1 umh e 1 1 i - 
ferone-7-yl) phosphate. 

In this Example, 2*, S ' -bis-tert-buty 1 dimethyl sily 1- 
uridine is phosphory lated to form a reactive intermediate 
which is reacted with 4 -methyl umbel li ierone. 
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In a round bottom flask, 0.2386 g of 2', 5 1 -bis- 
tert -butyldimethyls ilyluridine, prepared in Example I, was 
dissolved in 5 ml of dry pyridine. The solution was evapor- 
ated to dryness in vacuo . The solid residue was redissoived 
in 7 ml of dry tetrahydrofuran and 4 ml of pyridine, and 
cooled with stirring in an ice-water bath under exclusion of 
atmospheric moisture. To the stirred cold solution there was 
added 0.5 ml of phosphorus oxychloride, using an air ticht 
syrir.ce. The mixture was allowed to stir for 5 minutes in a 

10 cooling bath, and then at rocm temperature for i.S hours. 

Pyridine KC1 salt was deposited in the bottom of the flask. 

An aliquot of the reaction mixture was analyzed by 
thin layer chromatography to monitor the formation of the 
intermediate. The chromatography was carried cut on a silica 
gel plate with a solvent system comprising ethyl acetate, 
chloroform and hexane in the ratio, by volume, of 5:2:3. The 
analysis shewed a component with 3* near the origin. However, 
there was no component with 0.5 5 thereby indicating that 
the uridine starting material had been completely consumed. 

20 The remainder cf the reaction mixture was concen- 

trated in vacuo using a liquid nitrogen trap to remove unre- 
actsd phosphorus oxychloride. To the residue there was added 
0.107 c of 4-me thylumbel lif arone, and the mixture was cooled 
ia an ice-water bath under nitrogen atmosphere to exclude 
atmospheric moisture. To the mixture there was added 4 ml cf 
dry pyridine, and the resulting solution was stirred at rocm 
temperature for 4 0 minutes. 

An aliquot of the resulting light yellow solution 
was analyzed by thi:* layer chromatography, at the same cenci- 

30 ciens as given above. A new fluorescent spot, believed to be 

2*, 5 ' - bis - tert -butyldimethylsilyl 2* -uridine (4-oethylumbel- 
lifercne-7-yl ) phosphate, was found. 
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The remainder of the solution was concentrated in 
vacuo to a glassy oil. The oil' was suspended in S ml of 
tetrahydrofuran (THF ) . To the THF suspension, there was 
added 20 ml of ether and the mixture was stored in a cold 
roea, about 4 to 3 # C, to precipitate product. The product 
as obtained in this fasion was collected by filtration and 
dried over ? 2 0 s in vacuo to yield 0.572 g of light gray pewder. 
The product was confirmed by n.m.r. to contain 2', 5 ' - bis * 
tert -butyldimethvlsilvluridine 3 1 -( 4-methylumbellif erone-7-yl ) 
phosphate. 

The 2 9 , 5 ' - b i s - 1 e r t -'su tv 1 dime thv Isilvl- uridine- 2 ' - 
( 4 -methyl umbel iif erone-7-y 1) phosphate was deblocked follow- 
ing the sane procedure as set forth in Example III, to fora 
3 , -uridir.e-{4-it«thylu:nbeIliiercne-7-yl) phosphate, which was 
identified by enzy-te assay. In an assay with RNase enzyme, 
the assay mixture was excited at 325 set and emission was 
monitored at 450 mn corresponding to the flucrcgenic 4-methyl- 
uabel lifer one, resulting frca catalytic hydrolysis cf 3'- 
uridine-{ 4-aethyluriel lif erone-7-y 1 ) phosphate. 
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WHAT rS CLAIM 2D IS; 

i. A method for oreoaring a 
mononucleotide-3*-phosphodietse~r-based substrate caoable of 
uncergoing catalytic-induced hydrolysis of the phosphate 

ester at the 3 1 -position to yield a species capable of being 
monitored spectrcphotometricai ly or fluorone trie ally, compris- 
ing • 

(a) blocking a raononucleoside of the formula: 




HO OH 



wherein 3 is a nucleotide base, and wherein the CH^OE group 
at the 4' -position is either cis or trar.s to said base, with 
a siiyl blocking nejsber at both the 2' -and 5 '-hydroxy Is of 
said mcnonucleosida to fona a 2' , S'-cibiocxed moncnucleoside; 
and 

(b) forming a 2 # , S'-ciblccked mononucleotide 
3 ' -phesphociester by bonding said V . 5 • -diblockec mencnucleo- 
side with a moiety selected from the group consisting ox a 
chronopher e and fluorcphore ? 

said siiyl blocking menber at the 2* -h yd racy 1 being . 
capable of at least essentially blocking medium- induced 
hydrolysis of the phosphate ester at the 3' -position, and 
said siiyl blocking member at least at the 2* -hydroxy 1 being 
capable of being removed to provide a substrate characterized 
by the ability to undergo catalytic-induced hydrolysis of the 
phosphate ester at the 3 '-position to yield a species capable 
of being monitored spectrochotc.metrical ly or fluorometrical ly . 

2. The method of claim 1 wherein the siiyl blocking 
raenber at least at the 2 ' -hycrcxyl is removed so as tc provide 
a substrate characterized by the ability to undergo catalytic- 
induced hydrolysis of said phesphodiester to yield a species 
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capable of being monitored spectraphotane tr ic2l ly or fluoro- 
metrically. 

3. The method of claim 1 wherein said base is a 
pyrimidine analog, 

4. The method of claim 1 wherein said base is a 
purine analog. 

5. The method of claim 1 wherein said base is a 
member selectee from the group consisting of uracil, diHyroura- 
cil, cytosine, dihydrocytosine and halocenated uracils, 

6. A method of claim 1 wherein said base is uracil. 

7. The method of claim 1, wherein said silyl 
blocking member is a member selected from the group consisting 
cf triisoprcpylsilyl, ter^-butr/ltetramethylenesilyl and 
ter^-butyidiaethylsilyi . 

3. The method o£ claim 1 wherein said moiety is a 
member selected from the group consisting of aryi, araalkvl, 
heteroaryl or heterocyclic compound. 

9. The raethod of claim 3 wherein said moiety is a 
member selected from the group consisting of umbel lif-reryl , 
4-raethyumbelliferonyl, 3-flavonyl, 1-naphthyl, c-nitrcphenyl , 
m-nitrcphenyl , p-nitrophenyl , 2 , 4-dinitrcphenyl , cyancphery 1 , 
acylphenyl, carbcxyphenyl , .pheny lsulfonate phenylsulfonyl and 
phenylsu If cxide. 
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10. The method of claim 9 wherein said moiety is 
i-naphthyl. 

11. the method of claim 9 wherein said moiety is 
4-methylumbeiliferonyl . 

12. the method of claim 9 wherein said moiety is 
3-flavor.yl . 

* 

13. The method of claim 1 wherein said 2 , -,5 f - 
dihiccked mononucleotide 3 1 -chosphodiestar is formed by the 
reaction of said 2', 5 , -diblodced mononucleoside and a ?hos- 
phoylated derivative of said moiety. 

14. The method of claim 13 wherein said reaction 
is carried out in a condensation reagent selected from the 
grcu? consisting of tciuenesulfonyl chloride, aesitylenesul- 
fonyl imidazolide, p-toluehesulf onyl imidazolide, 2,4,6-trii- 
sc?r5 -ylbensenesui;onyl chloride, mesitylenesulf onyl chloride, 
picrylsuifonyl chloride, N, N-dicyclohexylcarbodiimide, and 
I-( 3 -dime thylaminoprcpyl ) -3-ethyl carbodiimice. hydrochloride. 

15. The method of claim 14 wherein said reaction 
. ia carried out in the presence of an additive selected fran 

the group consisting of N-hydrcxysuccir.imide, N-hycrcxyph- 
thaiimide, 2,4, S-triisoprcpyibencenesulf cny I chloride and 
N,N ' -dicyclchexylcarbodiimide . 

IS. The method of claim 14 wherein the molar ratio 
of said mcnonucleoside and said phosphory laced moiety is at 
least 1 to 1. 
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17. The method of claim IS wherein said reaction 
is carried our in an aprotic polar solvent selected from the 
group consisting of N-dime thylf omamide, dicxane and tetra- 
hydro furan. 

18. The method of claim 17 wherein said reaction 
is carried out in the presence of a base selected from the 
group consisting of pyridine and triethylamine. 

13. The method of clais 13 wherein said base is 

pyridine. 

20* The method of claim 19 wherein said reaction 
•*is carried out at a temperature in the range of from about 
-20«C. to about 2S*C. 

21. The method of claim 20 wherein said reaction 
is carried out for a period of from about 5 to about 13 
hours. 

22. The method of claia 1 wherein said moiety is 
an alcohol, the alcohol being phosphorlated in situ to form a 
reactive intermediate, and said reactive intermediate being 
reacted with said 2'-,S'-diblocked mononucleoside to form 
said phosphodiester. 

23. The method of claim 1 wherein said 2 ' , 5 ' - 
diblocked mononucleoside is phosphory laced to form a 2', S'- 
dihlccked mononucleotide reactive intermediate, and reacting 
said mononucleotide reactive intermediate with said moiery to 
form said phosphodiester. 



- 32 - 0061 761 

24. The method of claim 22 or 23, wherein said 
phosphorylation reaction is carried out in the presence of a 
phosphorylation reagent selected fran the group consisting 
of phosphorous oxychloride and 2, 2, 2-trichlorcethyl phos- 
phorodichioridite. 

25. The method of claim 23 or 2 4 wherein said 
phosphorylation is carried out in the presence of an aprotic 
solvent selected from the group consisting of M, N-dime thyl- 
formanide, dioxane and tetrahycrofuran. # 



26. The method of claim 25 wherein said phos- 
phorylation reaction is carried out in the presence of a 
base selected from the croup consisting of pyridine and 
trie thy larr.ine. 

27* The method of claia 26 wherein said phos- 
phorylation reaction is carried out in the presence of 
pyridine. 

28. The method of claim 27 wherein said phos- 
phorylation reaction is carried out at a temperature in the 
range of frcn about -10* C. to about 30 # C. 

29. The method of claim 23 wherein said phos- 
phorylation reaction is carried out for a tine of from about 
1 hour to about 3 hours. 

30. The method of claim 23 wherein said moiety 



is an alcohol. 
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31. A method according to claim 1, comprising 



(a) blocking a mononucleotide of the formula: 

V? 

O OH 
0=P-OH 
OH 

wherein 3 is a nucleotide base, and wherein the CH.OH croum 

2 

at the 4' -position is either cis or trans to said, base, with 
a silyl blocking member at both the 2' - and 5 ' -hydroxy Is cf 
said mononucleotide to form a 2*, 5 '-dihlocked mononucleo- 
tide? . 

(b) forming a 2' , 5*-dihlocked mononucleotide 

3 ' -phosphodiester by bonding said V , 5 '-deblocked mononu- 
cleotide with a moiety selected frcra the group .consisting of 
a chroracphore and fluorophore; 

said silyl blocking member at the 2 ■ -hydrcxyl being 
capable of at least essentially blocking medium-induced 
hydrolysis of the phosphodiester at the 3* -position, and said 
silyl blocking member at least at the 2' -hydroxy 1 being 
capable of being removed to provide a substrate characterized 
by the ability to undergo catalytic-induced hydrolysis of the 
phosphate ester at the 3* -position to yield a species capable 
of being monitored spectrcphotcme trie ally or fluorometricaily. 

32. The method of ciain 1 wherein the silyl block- 
ing raember at least at the 2 • -hydroxy 1 is removed so as to 
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provide a substrate characterized by the abiliry to' undergo 
catalytic-induced hydrolysis of said phosphodiester to yield 
a species capable of being monitored spectrophotcmetrically 
or fluorcmetrical ly. 

32. The method of claim 2 or 3 2 wherein said re- 
moval of said silyl blocking member is carried out in the 
presence of a deblocking reagent selected frcra the croa 
consisting of te tr a buty 1 aamoni urn fluoride, trityltetraflucro- 
berate, lithium tetrafluoroborate, hydrogen fluoride, acetic 
acid and hydrochloric acid* 

34. The method of claim 33 wherein said removal of 
said silyl blocking meeber is carried out in the solvent 
selected frcra the grots consisting of tetrahydrofuran, aceto- 
nitrile, dioxane and water. 

35. The method of claim 34 wherein said blocking 
reagent is te tr abuty 1 ammonium fluoride, said solvent is 
tetrahydrofuran and the concentration of tetrabutylammonium 
fluoride is l*i in said tetrahydrofuran. 

36. The method of claim 35 wherein said reaction 
Is carried out at a temperature of from about 15'C- to about 
30*C. 



37. The method of claim 36 wherein said reaction 
is carried out for a period of from about 20 minutes to about 
50 minutes. 
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